Abstract: The geometry of the 4'-cyano -(4'-CNPTB) and the 4'-methoxy -(4'-MePTB) phenylthiolbenzoates were obtained by ab initio calculations employing 6-31G basis set at Hartee-Fock level of theory. The results predict an extended form of the molecules and torsional angle between the phenyl rings at 90.85(6) 0 and 90.87(3) 0 , respectively. On the basis of vibrational analysis the frequency assignment was carried out. The calculated frequencies were compared with the experimental IR spectral data in carbon tetrachloride, carbon disul de solutions and in solid state.
Introduction
The present work contains the theoretical foundation of the systematic investigation on the stereo structure of phenylthiolbenzoates by means of IR spectral analysis. In our previous article [1] the observed doublet splitting of the¸(C=O) band in the IR spectra of 4'-substituted phenylthiolbenzoates (Fig. 1 , R = H, CN, CH 3 , OCH 3 ), in a series of aprotic solvents with increasing polarity, was explained by the equilibrium between two conformers with di®erent dihedral angles as determined by the planes of the benzene rings. The free energy di®erences (¢G s ) between the supposed rotamers in each solvent were obtained by quantitative analysis of the solvatochromic intensity change of both C=O components. Additionally, the corresponding ¢G V -values for the investigated compounds in gas-state were calculated on the basis of the reaction¯eld approximation [2, 3] . The ¢G V data for all compounds predict the presence of the rotamer with non-planar disposition of the benzene rings. The same result was obtained for the non-substituted phenylthiolbenzoate (Fig. 1 , R = H) by means of quantum chemical computations [4] . The dissolving and orientation of the last compound in a liquid crystal medium leads to additional distortion of the geometry. The corresponding linear dichroic infrared (IR-LD) spectral analysis shows a stereo structure with near planar orientation of both benzene rings and transversal disposition of the C=O bond direction [4] . The present theoretical geometry optimization aims to con¯rm the experimental conclusions obtained by the solvatochromic IR spectral study of the 4'-substituted phenylthiolbenzoates; in particular of 4'-cyano (4'-CNPTB) and 4'-metoxy (4'-MePTB) derivatives. Investigation of their polarized IR spectra requires a more precise assignment of the characteristic frequencies of the studied compounds. For that reason the vibrational analysis is also carried out.
Theoretical calculations and experimental
The ab initio calculations and vibrational analysis were carried out using Dalton [5] program set. The geometry optimization of the 4'-CNPTB and 4'-MePTB were done using 6-31G basis set at Hartee-Fock level of theory. The complete stereo structures were performed varying all the parameters without any restrictions. The calculated wavenumbers of 4'-CNPTB, 4'-MePTB and PTB of all normal modes were scaled by factor of 0.845.
A Bomem -Michelson 100 FTIR instrument was used to perform 50 scans for each spectrum (resolution of § 2 cm ¡1 ). The IR spectra of 0.1 M solutions of the compounds in carbon tetrachloride and carbon disul¯de (Merck) were recorded using a 0.01 KBr cell. The nujol technique was applied for receiving all solid-state spectrum.
3 Results and discussion
Geometry optimization
The atom numbering and calculated bond distances (in º A) of the 4'-CNPTB and 4'-MePTB are illustrated in Fig. 2 while the corresponding optimized geometry angles appear in Table 1 . The data predict a C (9) 4'-CNPTB 4'-MePTB A(9,10,11) 117.2(9) 117.6 (2) A (10, 11, 14) 116.6 (7) 116.4 (5) A (10, 11, 15) 122.2 (5) 123.2 (6) A (14, 11, 15) 121.0 (7) 120.2 (9) A (6, 4, 14) 119.6(6) 119.7 (5) A (3, 4, 14) 119.6(6) 119.7 (5) A(1,10,11) 123.0(0) 123.5 (6) A ( The atom numbering given corresponds to that shown in Fig. 2 for 4'-cyano-and 4'-metoxyphenylthiolbenzoate.
The obtained stereo structures are in agreement with the geometry reported for PTB, where the C(11)-S(14)-C(4)-C(6) angle is 90.8 (6) 0 [4] . Similar experimental data, for transversal orientation of both the phenyl rings, is observed for 4-n-pentylphenyl derivative of 4'-CNPTB. According to X-ray di®raction data of this compound, the thiolate ring forms a dihedral angle at 69.0(5) 0 with the plane of the benzoyl fragment [6] . Obtained values for C ar -C ar bond lengths range within 1.357(6) { 1.388(7) º A; C(10)-C(11) 
(7)
o range [7] . The transversal orientation of the thiolate ring towards C=O bond direction in both cases is observed. This observation is well correlated with the calculated values for 4'-CNPTB and 4'-MePTB (See Fig. 2 and Table 1 ). The results mentioned above show a geometry of both 4'-substituted compounds with equal deviation of the thiolphenyl ring and completely planar benzoyl group. This indicates that the electronic e®ect of the substituends is limited in the last molecule fragment and their in°uence on the complete stereostructure is insigni¯cant in the gasstate.
Vibrational assignment of PTB, 4'-CNPTB and 4'-MePTB
Selected calculated frequencies for 4'-CNPTB and 4'-MePTB, are listed in Table 2 , the same values for the non-substituted compound also appear. These frequencies are compared with the experimental data obtained in carbon tetrachloride, carbon disul¯de solution and in solid state. (See the corresponding¯gures).
3.2.1 CH stretching modes,¸CH (3100 { 2800 cm ¡1 ).
In this region the quantum calculations predict a series of frequencies (Table 2) belonging to the¸(C ar -H) stretching vibrations of both the benzene rings. The theoretical results (Table 2 ) are in good agreement with the experimental data ( Fig. 3 ) as well as with the literature data for p-cyano-and p-ethoxybenzaldehyde [8] . The calculated (Table 2) and experimentally observed (Fig. 3 ) three¸(CH 3 ) stretching modes for 4'-MePTB also correlate with the corresponding¸a s (CH 3 ) and¸s(CH 3 ) frequencies of anysol [9] . 
3.2.2¸C-N stretching vibration
The calculated value for¸(CN) of 4'-CNPTB is at 2235 cm ¡1 , which is practically identical with our experimental result in carbon tetrachloride solution (2233 cm ¡1 ). In the solid state the¸(CN) band is observed at 2229 cm ¡1 .
3.2.3 1700 { 1400 cm ¡1 region
The calculated value for¸(C=O)-frequencies for the compounds studied is about 1670 (1669) cm ¡1 which coincides with our experimental results and the literature data for thiolesters [1, 8] . The existing doublet structure in CCl4 solution (Fig. 4) is explained with conformational equilibrium discussed in [1] . A juxtaposition with the results in the solid state is incorrect because of the possibility of vibrational interaction between thȩ C=O-frequencies of the molecules belonging to same elementary unit cell. This e®ect could arise in the splitting of the bands [10, 11] . A good agreement is observed between the calculated and experimental data ( Table 2 and Fig. 4 ) for 8 and 19 ring-stretching modes [ 12, 13] . The assignment of these frequencies for non-substituted phenylthiolbenzoate is additionally con¯rmed by linear dicroic IR spectral analysis [4] which belong to the benzoyl and thiolate rings. This result is con¯rmed by linear dichroic IR spectral analysis of PTB [4] . The theoretical study of both 4'-substituted compounds also gives frequencies for ® P h -4 mode at about 720 cm ¡1 (Table 2) 
